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Objectives: There is an intense debate on whether the RIFLE (R–renal risk, I–injury, F–failure, L–loss of kidney
function, E–end-stage renal disease) classification or its recent modification, the Acute Kidney Injury Network
definition and classification system should be used to standardize research on acute kidney injury. In this study
we compared these classifications with regard to (1) the detection of acute kidney injury, (2) their agreement ac-
cording to the grading of acute kidney injury across classes, and (3) their prognostic value.
Methods: We prospectively enrolled 282 cardiac surgery patients undergoing cardiopulmonary bypass and as-
signed a RIFLE and Acute Kidney Injury Network class to each patient. The incidence of acute kidney injury and
in-hospital mortality across classes was compared by using the c2 test, and their prognostic value was compared
by using the area under the curve receiver-operating characteristic for in-hospital mortality.
Results: According to the RIFLE (45.8%) or Acute Kidney Injury Network (44.7%) classification, a similar pro-
portion of patients had acute kidney injury. There was large agreement between classifications according to pa-
tients graded as having nonacute kidney injury; however, there was some disagreement across classes for staging
the severity of acute kidney injury. The area under the curve for in-hospital mortality was similar for all classi-
fications: 0.91 for the RIFLE classification (95% confidence interval, 0.82–0.99) and 0.94 for the Acute Kidney
Injury Network classification (95% confidence interval, 0.81–0.97; P¼ .6 for area under the curve comparison).
Conclusions: In patients undergoing cardiac surgery, modifications of the RIFLE classification for acute kidney
injury do not materially improve the clinical usefulness of the definition. Other factors, such as the applicability of
the acute kidney injury definition and classification system to be applied, need to be considered. (J Thorac
Cardiovasc Surg 2009;138:1370-6)Acute kidney injury (AKI) is a common complication after
cardiac surgery with the use of cardiopulmonary bypass
and is associated with substantial morbidity and mortality.1
Early recognition of AKI and standardized reporting on it are
of importance. Until recently, however, there were more
than 30 published definitions of AKI in use, rendering com-
parisons of and conclusions from studies in this field with re-
gard to epidemiology, success of prevention or intervention,
early recognition, and prognosis difficult if not impossible.
In response to the lack of a standard definition and classifi-
cation system for AKI, the Acute Dialysis Quality Initiative
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AKI: the RIFLE (R–renal risk, I–injury, F–failure, L–loss of
kidney function, E–end-stage renal disease) classification
system.2 This system defines and stages AKI based on cre-
atinine value increase and decrease in glomerular filtration
rate or urine output.
More recently, in an attempt to refine this approach, RI-
FLE was modified by the Acute Kidney Injury Network
(AKIN) by including a shorter time frame within which
AKI has to occur (48 hours), a milder serum creatinine value
increase of greater than 0.3 mg/dL from baseline to peak
value,1 and the staging of patients receiving renal replace-
ment therapy as AKIN class 3.3
The RIFLE classification has been investigated for its
prognostic value for in-hospital mortality in more than
200,000 critically ill patients,4-7 patients undergoing cardio-
thoracic surgery,8,9 trauma patients,10 or hospitalized pa-
tients.11 The AKIN classification has been investigated in
heterogeneous groups of critically ill patients4,5,12,13 but
not in patients undergoing cardiac surgery. In most studies
the RIFLE and AKIN classifications and their classes were
found to be associated with progressively increasing mortal-
ity.4,7,11 To date, there is an intense debate over which def-
inition and staging system should be used for AKI after
cardiovascular surgery.rgery c December 2009
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MAbbreviations and Acronyms
AKI ¼ acute kidney injury
AKIN ¼ Acute Kidney Injury Network
AUC–ROC ¼ area under the receiver operating
characteristic curve
ICU ¼ intensive care unit
RIFLE ¼ R–renal risk, I–injury, F–failure,
L–loss of kidney function,
E–end-stage renal disease
Neither classification, however, has been compared with the
other regarding its ability to measure the incidence of AKI
and predict patient outcomes after cardiac surgery. In this
study we assessed and compared the RIFLE with the
AKIN classifications with regard to the detection of AKI,
their agreement according to grading of AKI across classes,
and their prognostic value.
MATERIALS AND METHODS
Patient Population
In a prospective cohort study from June 2007 to December 2007, we pro-
spectively enrolled consecutive patients undergoing cardiac surgery with
cardiopulmonary bypass at a tertiary hospital. Procedures included isolated
coronary artery bypass grafting, isolated valve surgery, simultaneous coro-
nary artery bypass grafting and valve surgery, and thoracic aortic surgery.
We excluded patients with end-stage renal disease undergoing chronic he-
modialysis, patients undergoing renal transplantation, patients enrolled in
a conflicting research study, and patients younger than 18 years. This study
adhered to the Declaration of Helsinki. The institutional ethics committee of
the Austin Hospital granted permission to collect data for this study. In-
formed consent was obtained from each participant before enrollment.
Patient Treatment
Clinical practice was not changed or modified for study purposes. No
special treatment in an attempt to prevent AKI was applied. Patients were
intraoperatively hemodynamically monitored. Hemodynamic management
targeted a mean arterial pressure of greater than 70 mm Hg, a cardiac index
of greater than 2.5 L $ min1 $ m2 as measured with use of a pulmonary
artery catheter, and a central venous pressure of between 12 and 16 cm
H2O.
14 Postoperatively in the intensive care unit (ICU), patients were main-
tained sedated, intubated, ventilated, and slowly rewarmed for at least the
first 4 hours. Analgesia was achieved with acetaminophen and morphine
or tramadol with avoidance of nonsteroidal anti-inflammatory drugs. In
case of high thoracic drainage or bleeding complications, patients received
tranexamic acid (Pfizer, Sydney, Australia), 1 g administered intravenously,
preoperatively over 20 minutes and then 500 mg dissolved in the pump-
prime solution and 400 mg/h administered intravenously until arrival in
the ICU. Urine output was maintained at 0.5 to 1 mL $ kg1 $ h1 by using
fluids or furosemide, if necessary. Renal replacement therapy was initiated if
the patient fulfilled at least 1 of the following clinical criteria: oliguria (urine
output<100 mL for>6 hrs) that has been unresponsive to fluid resuscitation
measures, hyperkalemia ([Kþ]>6.5 mmol/L), severe acidemia (pH<7.2), or
clinically significant organ edema (eg, lung) in the setting of renal failure.
Data Collection
We prospectively collected data on age, sex, height, weight, the presence
or absence of arterial hypertension, diabetes mellitus (on medication), typeThe Journal of Thoracic and Cof cardiac surgery, hemodynamic and fluid management, length of stay in
the ICU and in the hospital, the need for renal replacement therapy, and
in-hospital mortality.
Measurement of serum creatinine and urine output and
estimation of glomerular filtration rate. Serum creatinine
was measured preoperatively every 12 hours on the first postoperative
day and daily thereafter by using the modified Jaffe method (Beckman
Coulter Synchron LX System; Beckman Coulter, Inc, Brea, Calif) with an
interassay and intra-assay coefficient of variation of less than 4%.15 Urine
output was documented hourly during ICU stay. Preoperative renal impair-
ment was defined as an estimated glomerular filtration rate of less than 60
mL/min per 1.73 m2 by using the Modification of Diet in Renal Disease
Study formula re-expressed for use with the serum creatinine values stan-
dardized to isotope dilution mass spectroscopy.16
Classification of AKI. For both AKI staging systems, the criteria as-
sociated with the highest possible AKI class were used (Table 1). Patients
without evidence of AKI were classified as RIFLE class 0 or AKIN class 0.
For the RIFLE classification, as previously published by the Acute Dialysis
Quality Initiative,2 we allocated to each patient the maximal RIFLE class ac-
cording to postoperative changes in renal function by using creatinine value
increase or decrease in estimated glomerular filtration rate8 within 7 days post-
operatively or urine output reduction during ICU stay.
For the AKIN classification, as previously proposed by the AKIN,3 we
allocated maximal AKIN class according to postoperative changes in renal
function by using creatinine increase, need for renal replacement therapy,
and urine output decrease within 48 hours postoperatively.
Statistics
The proportions of patients with AKI defined by the RIFLE (total, R, I,
or F) or AKIN (total, 1, 2, or 3) classifications and other nominal data, such
as the number of patients needing renal replacement therapy or who died in
the hospital, were compared by using Fisher’s exact test or the c2 test as
appropriate. The RIFLE and AKIN classifications and their components
were assessed in relation to demographic data, distribution of comorbid-
ities, type of cardiac surgery, hemodynamic and fluid management, length
of stay in the ICU and the hospital, renal replacement therapy initiation,
and in-hospital mortality. We further assessed the RIFLE and AKIN def-
initions and their single classes on their ability to predict in-hospital mor-
tality by means of calculation of the area under the receiver operating
characteristic curve (AUC–ROC). An AUC–ROC value of 0.90 to 1.0 in-
dicated excellent, 0.80 to 0.89 indicated good, 0.70 to 0.79 indicated fair,
0.60 to 0.69 indicated poor, and 0.50 to 0.59 indicated no useful value.
AUC–ROC values were compared according to the method of Hanley
and McNeil.17 For comparison of the predictive value of the RIFLE clas-
sification with that of AKIN, we estimated that at an a value of .05, a sam-
ple size of 256 patients would be necessary to achieve an 80% power to
detect a difference in AUC–ROC values of 0.1 performance units. Consid-
ering a loss to follow-up of 10%, 282 patients were enrolled. We used
SPSS Version 16.0 software (SPSS, Inc, Chicago, Ill) and MedCalc
Version 9.3.9.0 software (MedCalc Software, Mariakerke, Belgium) for
statistical analysis.
RESULTS
Patient Characteristics
We enrolled 282 patients. Preoperative patient character-
istics, type of operation, and outcomes are presented in
Table 2. With worsening RIFLE or AKIN stage, patients
were significantly older, presented more frequently with co-
morbidities (eg, preoperative chronic kidney disease), more
frequently underwent concomitant cardiac surgery, had in-
creased lengths of stay in the ICU and hospital, andardiovascular Surgery c Volume 138, Number 6 1371
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MTABLE 1. Classification systems for acute kidney injury
RIFLE criteria* (within 7 d) AKIN criteriay (within 48h)
Class GFR Urine output Stage Creatinine value Urine output
R–Risk Creatinine increase 31.5 or
GFR loss>25%
<0.5 mL $ kg1 $ h1 3>6 h 1 Creatinine increase 31.5 or
creatinine increase
>0.3 mg/dL
<0.5 mL $ kg1 $ h1 3>6 h
I–Injury Creatinine increase 32 or
GFR loss>50%
<0.5 mL $ kg1 $ h13>12 h 2 Creatinine increase 32 or <0.5 mL $ kg1 $ h13>12 h
F–Failure Creatinine increase 33 or
GFR loss>75% or
creatinine increase>4
mg/dL (acute increase>0.5
mg/dL)
<0.3 mL $ kg1 $ h13>24 h
or anuria>12 h
3z Creatinine increase 33 or
creatinine increase>4
mg/dL (acute increase
>0.5 mg/dL)
<0.3 mL $ kg1 $ h13>24 h
or anuria>12 L
L–Loss Persistent loss of kidney
function>4 wk
/
E–End-stage
renal disease
End-stage renal disease>3 mo /
RIFLE, R–renal risk, I–injury, F–failure, L–loss of kidney function, E–end-stage renal disease; AKIN, Acute Kidney Injury Network; GFR, glomerular filtration rate. *Bellomo and
colleagues.2 yMehta and coworkers.3 zPatients receiving renal replacement therapy were classified as stage 3.increasingly needed postoperative renal replacement therapy
(Table 2). During the first 24 hours postoperatively, the low-
est mean arterial pressure and cardiac index also succes-
sively decreased with increasing kidney injury (Table 2).
The majority of patients had serum creatinine value
increases of greater than 50% or greater than 0.3 mg/dL
from baseline within the first 3 days postoperatively
(Figure1). All patients with a serum creatinine value increase
of greater than 50%had increments of greater than 0.3 mg/dL.
Detection of AKI According to Classification
Systems: Totals and Agreement Across Classes
A similar proportion of patients had AKI according to the
RIFLE (45.8%) or AKIK (44.7%) classifications. Specifi-
cally, 85 (30.1%) patients had RIFLE-R and 95 (33.7%)
patients had AKIN-1 (P ¼ 0.366), 34 (12.1%) patients had
RIFLE-I and 19 (6.7%) patients had AKIN-2 (P ¼ .022),
and 10 (3.5%) patients had RIFLE-F and 12 (4.3%) patients
had AKIN-3 (P ¼ .664) disease, respectively.
As seen in Table 3, there was relatively large overall
agreement of the RIFLE and AKIN classifications. Both
staged the same 146 patients as not having AKI, misclas-
sifying less than 10% of patients. For example, only 9
(5.8%) patients graded as having no renal impairment by
using the AKIN classification were classified as having
AKI by using the RIFLE classification, with nearly all of
them belonging to class R. On the other hand, 6 (4.0%)
patients classified as normal by using the RIFLE classifica-
tion were determined to have AKI by using the AKIN
classification, with all of them in stage 1. This group
consisted of patients showing a low preoperative serum
creatinine value (<0.7 mg/dL) and reaching AKIN stage
1 because of a greater than 0.3 mg/dL serum creatinine
value increase.1372 The Journal of Thoracic and Cardiovascular SuThe largest disagreement (13.7%) was found for grading
patients as AKI stage 1 while being classified as RIFLE class
I (n ¼ 13, Table 3). Most of these patients had a greater than
50% increase in serum creatinine values (RIFLE) on postop-
erative days 3 to 7.
Prognostic Value
With worsening RIFLE or AKIN stage, patients had in-
creasing in-hospital mortality (Table 2). Only patients with
AKI died during hospitalization.
In Table 4 we show the predictive value of the RIFLE and
AKIN classifications for in-hospital mortality. The AUC–
ROC value was similar for the totals of the classifications
(0.91 vs 0.94, P ¼ .6). Worsening AKI class was associated
with increased AUC–ROC values to predict mortality (Table 4).
Serum creatinine–based RIFLE or AKIN classes were the
strongest predictors of in-hospital mortality (Table 4). The
estimated glomerular filtration rate criteria added 13 patients
to RIFLE class R, 4 patients to class I, and no patients to
class F. Overall, the urine output criteria of the RIFLE or
AKIN classification showed the lowest predictive value
for in-hospital mortality (Table 4). However, if patients
were classified as RIFLE-F or AKIN-3 for the urine output
criteria compared with those with better diuresis, they had
significantly longer lengths of stay in the ICU and the hospi-
tal and increased need for renal replacement therapy initia-
tion and in-hospital mortality (Table 5).
Postoperative renal replacement therapy was initiated in 9
patients (Table 6). In most of them, the urine output criteria
determined their maximal RIFLE class. In patients receiving
renal replacement therapy, hospital survival was 44.4%.
Two patients required renal replacement therapy for more
than 4 weeks (RIFLE-L), and 1 patient required renal re-
placement therapy for more than 3 months (RIFLE-E).rgery c December 2009
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MTABLE 2. Perioperative characteristics
RIFLE AKIN
0
(n ¼ 153)
R
(n ¼ 85)
I
(n ¼ 34)
F
(n ¼ 10)
P
value
0
(n ¼ 156)
1
(n ¼ 95)
2
(n ¼ 19)
3
(n ¼ 12)
P
value
Age, y 66.6  10.0 69.5  9.4 72.4  9.7 77.6  5.3 <.001 66.4  10.5 70.1  8.3 72.2  9.8 76.4  6.4 <.001
Female sex, no. 51 (33.3%) 23 (27.1%) 10 (29.4%) 1 (10.0%) .383 54 (34.6%) 22 (23.2%) 7 (36.8%) 2 (16.7%) .154
Preoperative kidney
disease, no.
30 (19.6%) 22 (25.9%) 12 (35.3%) 6 (60.0%) .012 29 (18.6%) 26 (27.4%) 7 (36.8%) 7 (58.3%) .007
Arterial
hypertension, no.
128 (83.7%) 75 (88.2%) 32 (94.1%) 10 (100%) .203 130 (83.3%) 83 (87.4%) 19 (100%) 12 (100%) .116
Diabetes mellitus,
no.*
36 (23.5%) 23 (27.1%) 14 (41.2%) 3 (16.7%) .217 36 (23.1%) 28 (29.5%) 8 (42.1%) 4 (33.3%) .278
CABG surgery, no. 64 (41.8%) 40 (47.1%) 14 (41.2%) 3 (30.0%) .707 65 (41.7%) 45 (47.4%) 7 (36.8%) 4 (33.3%) .668
Valvular surgery,
no.
69 (45.1%) 29 (34.1%) 9 (26.5%) 1 (10.0%) .029 65 (41.7%) 36 (37.9%) 5 (26.3%) 1 (8.3%) .086
CABG and valve
surgery, no.
8 (5.2%) 12 (14.1%) 8 (23.5%) 6 (60.0%) <.001 11 (7.1%) 11 (11.6%) 6 (31.6%) 6 (50.0%) <.001
Thoracic aortic
surgery, no.
13 (8.5%) 4 (4.7%) 4 (11.8%) 0 (0.0%) .408 15 (9.6%) 3 (3.2%) 1 (5.3%) 1 (8.3%) .271
Mean arterial
pressure,
mm Hgy
65.2  9.6 61.0  10.0 61.8  8.9 57.2  12.2 .001 64.8  9.7 61.8  9.4 63.7  6.7 52.3  14.6 <.001
Lowest cardiac
index, L $ min1 $
m2y
2.37  0.43 2.19  0.39 2.13  0.47 2.29  0.51 .004 2.35  0.41 2.19  0.41 2.17  0.37 2.16  0.57 .011
Infusion
volume, mLy
5430  1400 5760  1500 5440  1760 6840  1500 .017 5510  1430 5560  1450 5300  1660 7300  1760 .001
Furosemide, mgy 15 (0–30) 25 (10–50) 49 (10–100) 115 (24–237) <.001 15 (0–30) 30 (10–60) 40 (10–70) 112 (93–218) <.001
Length of stay
in the intensive
care unit, h
43 (22–48) 46 (29–71) 71 (50–111) 261 (112–429) <.001 43 (22–48) 47 (36–72) 69 (50–88) 348 (120–431) <.001
Length of stay in
hospital, d
7 (7–9) 8 (7–11) 9 (7–13) 25 (13–35) <.001 7 (7–9) 8 (7–11) 9 (8–13) 22 (12–40) <.001
Need for renal
replacement
therapy,
no. (%)
0 (0.0) 1 (1.2) 2 (5.9) 6 (60.0) <.001 0 (0.0) 0 (0.0) 0 (0.0) 9 (75.0) <.001z
Died during
hospital stay,
no. (%)
0 (0.0) 1 (1.2) 3 (8.8) 2 (20.0) <.001 0 (0.0) 1 (1.1) 0 (0.0) 5 (41.7) <.001
Linear values denote means  standard deviations. RIFLE, R–renal risk, I–injury, F–failure, L–loss of kidney function, E–end-stage renal disease; AKIN, Acute Kidney Injury
Network; CABG, coronary artery bypass grafting. *Diabetes mellitus includes patients receiving oral antidiabetics or insulin. yZero to 24 hours postoperatively includes pump-
prime fluid volume, crystalloid, and colloid infusion. zNeed for renal replacement therapy defines AKIN stage 3.DISCUSSION
We conducted a prospective study to compare and clarify the
diagnostic and prognostic value of the RIFLE and AKIN clas-
sifications for AKI after cardiac surgery. Only patients with
AKI as defined by these classifications needed renal replace-
ment therapy or died during hospitalization. Despite signifi-
cantly fewer patients having AKIN stage 2 disease compared
with RIFLE-I disease, we found a similar overall proportion
of patients with AKI and a similar prognostic value for in-
hospital mortality. In this regard the AKI definitions assessed
in this study were essentially of similar diagnostic and prognos-
tic value. There was large agreement between classificationsThe Journal of Thoracic and Caaccording to patients graded as not having AKI; however, there
was some disagreement across classes for AKI severity.
The value of the RIFLE or AKIN classification for patient
risk stratification has been investigated in mostly septic pa-
tients.4-6,12,18 Of those, some reported on either the RIFLE19
or the AKIN classification, whereas others compared them
and found both to be of similar value and sensitivity.4,5 In
2 studies the RIFLE classification was investigated in pa-
tients undergoing cardiac surgery8,19 and was found to be
an independent predictor for 90-day mortality.8
Most of these previous studies used the creatinine crite-
ria9,11,19 and some used the urine output criteria4,5,8 forrdiovascular Surgery c Volume 138, Number 6 1373
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Mallocation of patients to RIFLE classes. In studies in which
data on urine output were available, it was mostly for 24-
hour intervals only,4 making correct staging impossible.
None of the previous publications assessed and compared
full definitions in patients undergoing cardiac surgery, a ma-
jor cause of AKI.20 All studies in thoracic surgery on the RI-
FLE classification have included acute aortic dissection as
a subgroup and thus have been unable to escape the con-
founding effects of the mixed aortic arch cohort.21
Because of the recent proposal for a second AKI classifica-
tion by the AKIN and no direct comparison using the full defi-
nition of these classifications in adult patients undergoing
cardiac surgery, specifically in patients undergoing cardiac sur-
gery there is continuing uncertainty about the relative merits of
each classification system. We now provide such data.
As with several studies before,7,8,11 we found a strong pre-
dictive value of the degree of AKI defined by the RIFLE
classification for in-hospital mortality. Consistent with find-
ings from a large study using fragments of the RIFLE and
AKIN classifications,4 there was no additional diagnostic
value, prognostic value, or both of the AKIN definition
over the RIFLE system.
FIGURE 1. Timing of increase in serum creatinine value within 7 days
postoperatively.1374 The Journal of Thoracic and Cardiovascular SuHowever, direct comparison of the 3 AKI classification
systems revealed flaws on either side. Despite sufficient
overall agreement between classifications regarding the
staging of patients who did not have AKI, there was varia-
tion between classifications in the allocation for patients to
a given stage of AKI. For example, 13 patients classified
as AKIN stage 1 were classified as RIFLE class I because
their serum creatinine values increased progressively after
48 hours postoperatively. Also, 2 patients classified as RI-
FLE class I were staged as AKIN class 3 because renal re-
placement therapy was initiated. Therefore the agreement
between classifications across classes appears to be limited
and inherent to the different definition (magnitude and tim-
ing) of the creatinine-related criteria and the different stag-
ing triggered by use of renal replacement therapy.
Compared with the AKIN definition, in which the peak se-
rum creatinine value can only be assessed as a measure of
injury during the first 48 hours after cardiac surgery, the RI-
FLE criteria are not dependent on such a rapid change. This
might be of importance in patients who experience their
peak serum creatinine value from day 3 onward because
their maximum level of AKI will be missed by using the
TABLE 3. Agreement of AKIN with RIFLE classifications according
to identification of AKI across classes
RIFLE
No AKI Risk Injury Failure Total
AKIN No AKI 146 8 0 1 155
Stage 1 6 76 13 0 95
Stage 2 0 0 19 0 19
Stage 3 0 1 2 9 12
Total 152 85 34 10 282
AKIN, Acute Kidney Injury Network; RIFLE, R–renal risk, I–injury, F–failure, L–loss
of kidney function, E–end-stage renal disease; AKI, acute kidney injury.TABLE 4. Association of RIFLE or AKIN classifications with mortality
RIFLE R* I* F* AKIN 1* 2* 3*
RIFLE classes (total) AKIN stages (total)
AUC–ROC
(95% CI)
0.91
(0.82–0.99)
0.82
(0.62–0.99)
0.91
(0.84–0.98)
0.97
(0.88–0.99)
0.94
(0.81–0.97)
0.81
(0.59–0.99) y
0.98
(0.89–1.00)
P value .001 .266 .016 .022 <.001 .283 <.001
RIFLE classes (creatinine value increase) AKIN stages (creatinine value increase)
AUC–ROC
(95% CI)
0.93
(0.88–0.97)
0.95
(0.89–0.99)
0.97
(0.91–0.99) z
0.88
(0.81–0.95)
0.88
(0.81–0.96)
0.98
(0.91–0.99) z
P value <.001 .030 .001 .001 .008 .021
RIFLE classes (urine output) AKIN stages (urine output)
AUC–ROC
(95% CI)
0.76
(0.51–0.99)
0.56
(0.21–0.90)
0.64
(0.27–0.97)
0.70
(0.40–0.99)
0.76
(0.51–0.99)
0.56
(0.21–0.90)
0.64
(0.27–0.97)
0.70
(0.40–0.99)
P value .030 .734 .395 .136 .030 .734 .395 .136
RIFLE, R–renal risk, I–injury, F–failure, L–loss of kidney function, E–end-stage renal disease; AKIN, Acute Kidney Injury Network; AUC–ROC, area under the receiver operating
characteristic curve; 95% CI, 95% confidence interval. *Versus 0 (no AKI). yAll patients who died in the hospital and who were classified as AKIN stage 2 with creatinine value or
urine output switched to AKIN stage 3 because all of them received postoperative renal replacement therapy. zNone of the patients with a postoperative greater than 200%
creatinine value increase died in hospital.rgery c December 2009
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effect that might have contributed to the largest disagree-
ment observed when comparing the RIFLE and AKIN clas-
sifications. The RIFLE criteria L and E allow long-term
follow-up of kidney function after cardiac surgery. On the
other hand, one might argue that the AKIN classification,
by using an early greater than 0.3 mg/dL creatinine value in-
crease, identifies more patients already during the first 48
hours postoperatively compared with the RIFLE classifica-
tion during the same period.
The serum creatinine–based criteria had great discrimina-
tory ability for in-hospital mortality. Similarly to Kuitunen
and associates,8 despite its known limitations during acute
changes in renal function, we found the estimated glomerular
filtration rate criteria of importance for the RIFLE classifica-
tion. In addition, several patients with RIFLE-F disease and
associated worse clinical outcomes were identified by using
the urine output criteria but not by using creatinine-based cri-
teria, further supporting the logic of the original classification.
TABLE 5. Comparison of patients’ outcomes according to the urine
output criteria of the RIFLE versus AKIN classifications
RIFLE class/AKIN class
,F0/3
(n ¼ 5)
0/0, ,R0/1, ,I0/2
(n ¼ 277) P value
Length of stay in intensive
care unit, h
266.6  162.1 64.9  88.2 .001
Length of stay in hospital, d 20.4  13.1 9.7  7.3 .001
Need for renal replacement
therapy, no.
5 (100%) 4 (1.4%) <.001
Died during hospital stay, no. 2 (40.0%) 4 (1.4%) .004
The urine output criteria of both classifications apply the same cutoff values in urine
output to allocate a patient to an acute kidney injury category. RIFLE, R–renal risk,
I–injury, F–failure, L–loss of kidney function, E–end-stage renal disease; AKIN, Acute
Kidney Injury Network; AUC–ROC, area under the receiver operating characteristic
curve.; AKIN, Acute Kidney Injury Network.The Journal of Thoracic and CThe incidence of AKI as defined by the RIFLE classifica-
tion in this study was higher compared with that seen in a re-
cent study of a similar cohort (19.3%)8 but lower than that
found in a large cohort of patients undergoing aortic arch
surgery (48%).9 The prognostic value of the RIFLE creati-
nine criteria in our study was similar to that of a previous
study (AUC–ROC value>0.85 for mortality)8 but higher
than that found on admission in critically ill patients
(AUC–ROC value for mortality approximately 0.66).10 In
critically ill patients, the timing of renal injury is unknown,
and complete data collection is virtually impossible. This
might provide a potential explanation for the lower discrim-
inatory ability of an AKI classification system in this setting.
Several strengths and limitations apply to our study. We
prospectively investigated a very recent cohort of patients.
The prospective nature of this study ensured the complete-
ness of data acquisition, including baseline serum creatinine
concentrations and hourly collection of urine output volume.
Thus this is the first study providing such detailed data and
a direct comparison of the prognostic value for the RIFLE
classification with the AKIN classification applied in pa-
tients undergoing cardiac surgery.
The population investigated was relatively homogeneous
(cardiac surgery). Cardiopulmonary bypass surgery is among
the 3 major causes for AKI. The sample size was relatively
small, and the in-hospital mortality was low. Nonetheless,
the study was powered to detect a clinically meaningful dif-
ference in prognostic utility. The study design does not allow
the exploration of potential causes of postoperative AKI,
such as intraoperative hemodynamic and fluid management.
The interpretation and comparability of future study results
according to AKI severity with different AKI classifications
might be hampered. This might constitute an important imped-
iment to successful research on the improvement of outcomesTABLE 6. Outcome of patients on postoperative renal replacement therapy for CSA–AKI
Patient
no. Reason for RRT Maximum RIFLE Maximum AKIN
Dose of
furosemide
(0–48h), mg Ventilation, h ICU, h Hospital, d
Survived
hospital
stay
1 Hyperkalemia, lactic
acidosis
crea-R, eGFR-I, UO-0 crea-1, UO-0, RRT-3 125 70 113 5 No
2 Oliguria, fluid overload crea-I, eGFR-I, UO-I crea-1, UO-2, RRT-3 300 374 390 16 No
3 Hyperkalemia, lactic
acidosis
crea-R, eGFR-R, UO-0 crea-1, UO-0, RRT-3 210 970 1032 43 No
4 Oliguria, fluid overload crea-R, eGFR-R, UO-F crea-1, UO-3, RRT-3 560 46 185 26 Yes
5 Oliguria, fluid overload crea-I, eGFR-I, UO-F crea-2, UO-3, RRT-3 855 240 428 30 Yes
6 Oligoanuria, fluid
overload
crea-I, eGFR-I, UO-F crea-2, UO-3, RRT-3 200 15 24 1 No
7 Anuria, fluid overload crea-0, eGFR-0, UO-F crea-0, UO-3, RRT-3 20 95 360 32 Yes
8 Hyperkalemia, uremia crea-F, eGFR-I, UO-R crea-3, UO-1, RRT-3 1100 350 450 90 Yes
9 Oligoanuria, fluid
overload
crea-I, eGFR-I, UO-F crea-2, UO-3, RRT-3 300 306 336 13 No
CSA–AKI, Cardiac surgery–associated acute kidney injury; RIFLE, R–renal risk, I–injury, F–failure, L–loss of kidney function, E–end-stage renal disease; AKIN, Acute Kidney
Injury Network; AUC–ROC, area under the receiver operating characteristic curve.; RRT, renal replacement therapy; AKIN, Acute Kidney Injury Network; ICU, intensive care unit;
crea, creatinine; eGFR, estimated glomerular filtration rate; UO, urine output.ardiovascular Surgery c Volume 138, Number 6 1375
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Min patients with AKI. Finally, the causality of intraoperative
and postoperative hemodynamic and fluid management on
the development of AKI deserves further investigation.
In conclusion, this study supports the view that the recently
proposed definition and classification systems for AKI are
similarly useful in diagnosis and accurate in prognosis. It
also implies that changes made to the original RIFLE defini-
tion and classifications do not carry substantial additional di-
agnostic or prognostic value in cardiac surgery patients. In
the interest of meaningful comparison of study findings and
of progress in AKI research, it appears to be advisable that
only 1 AKI classification system should be referenced.
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